T he care of critically ill patients in the United States represents a large proportion of healthcare spending (1) . Medicare data and other administrative datasets such as the Nationwide Inpatient Sample are often used to assess the epidemiology of critically ill patients and understand the burden of disease in the United States (1) (2) (3) . Many studies focus on identifying and assessing patients who receive mechanical ventilation (MV), as this group of critically ill patients is at high risk of death (4, 5) . In particular, recent studies have focused on use of "prolonged MV," often defined in administrative data using the code for "continuous invasive MV for 96 hours or more" (3, 6) . However, the reliability of key codes such as the codes for intensive care and MV is not known. We therefore sought to validate these codes in an administrative dataset: the Medicare Provider Analysis and Review (MedPAR) data files against data from a clinical audit database to determine their reliability for identifying critically ill patients and associated MV support.
METHODS
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For information regarding this article, E-mail: hannah.wunsch@sunnybrook.ca participating ICUs pay a set fee for use of the software. The resultant database was generated based on records of medical care and collected using software that supports automated and computer-based manual entry. For all patients 65 years of age and older, we attempted deterministic matching with MedPAR (Centers for Medicare & Medicaid Services) with exact matches for sex, date of birth, hospital, and date of admission to hospital. The MedPAR file contains data from claims for services to beneficiaries admitted to Medicare certified inpatient hospitals who have Medicare fee-for-service insurance coverage. We used the APACHE Outcomes data as the clinical standard for patient characteristics, interventions, and outcomes. We assessed coding for ICU and coronary care unit (CCU) days in MedPAR, defined using 020X and 021X accommodation revenue codes. For MedPAR, we assessed the sensitivity, specificity, and positive and negative predictive values of billing codes for MV (defined using International Classification of Diseases, Ninth Revision, Clinical Modification codes 96.7x) and then stratified by greater or less than 96 hours of MV (96.72 and 96.71, respectively) and by individual hospitals. We further compared the characteristics of the patients identified as receiving MV in APACHE Outcomes, but not in MedPAR and compared them with patients who were coded as receiving MV in MedPAR.
We also compared ICU and hospital length of stay and assessed the agreement for coding of hospital mortality using the kappa statistic. ICU length of stay was calculated in APACHE Outcomes based on date and time stamps for ICU admission and discharge; MedPAR ICU length of stay was based on days with 020X and 021X revenue codes. Due to the discrepancy noted in ICU length of stay, we post hoc assessed the difference with a number of exploratory analyses: 1) recoding lengths of stay in APACHE Outcomes as total days based on any time spent in the ICU from midnight to midnight; 2) including only patients admitted from either the emergency department or general ward and discharged from ICU to the ward (based on APACHE Outcomes data). Finally, we assessed patient characteristics of the patients with concordant versus discordant ICU length of stay in APACHE Outcomes and MedPAR. This research was exempt from the Institutional Review Board review by Albert Einstein College of Medicine. Length of ICU stay was overestimated using MedPAR billing data (Table 1) , with a median length of stay twice that reported in APACHE Outcomes. Further assessment demonstrated that restriction of analysis to patients who did not spend time in other ICUs or in stepdown beds yielded more similar ICU lengths of stay (Appendix Table 2 , Supplemental Digital Content 1, http://links.lww.com/CCM/C410). Overall, approximately 50% of patients had concordant ICU length of stay (Appendix Table 3 , Supplemental Digital Content 1, http://links.lww.com/CCM/C410). These patients were less likely to be discharged to stepdown from the ICU and were more likely to have died in the ICU or during hospitalization.
RESULTS
Length of hospital stay and hospital mortality were very similar in the two datasets. Hospital mortality was accurately recorded in MedPAR; there was discordance in the hospital discharge status (alive or dead) for only 261 (0.47%) of all linked records (κ = 1.00).
DISCUSSION
For Medicare beneficiaries with hospitalizations linked with data from a high-quality clinical database of intensive care admissions, a combination of ICU and CCU codes allows for accurate identification of admission to intensive care. Hospital mortality for patients is also accurate. MV procedure codes in Medicare are very specific (96.0%), but with only moderate sensitivity (58.4%), and overestimate the proportion of patients with an extended length of MV (> 96 hr). This finding is substantially different from the validation of MV codes in administrative data from Canada that found much higher sensitivity (87.0%) (7), but in line with the validation performed by Wonneberger et al (8) using data from the University of Pennsylvania and Kaiser Permanente, finding high specificity and moderate sensitivity.
The information regarding MV codes in Medicare has large implications for epidemiologic studies of critically ill patients in the United States. Our findings suggest that MedPAR may be appropriate for cohort studies of mechanically ventilated patients that focus on outcomes, with the recognition that the data are capturing a slightly more severely ill group of mechanically ventilated patients with longer duration of MV (5, 9) and in particular are excluding postsurgical patients who require a short period of MV. However, these administrative data substantially underestimate the population "burden" of MV and the resource use across the United States, suggesting these estimates should be revised upward (2) . Similarly, the estimated ICU length of stay for patients in MedPAR seems to be high compared with clinical data, suggesting that we may be overestimating the number of ICU bed-days for patients across the United States. Much of this overestimation may be due to the practice in MedPAR of combining ICU and intermediate intensive care days.
Our study has important limitations. First, chart review to determine use of MV would represent the gold standard for assessment of MedPAR data. Due to the difficulty of this task, we used APACHE Outcomes as our "clinical" standard, but recognize that we do not have validation of this coding. Assessment is limited to patients with Medicare as their primary insurance and to those patients who are more than the age of 65 and in APACHE hospitals, which may be larger and more academic than the majority of U.S. hospitals. Furthermore, because APACHE Outcomes only includes a small subset of ICU patients, we were unable to fully assess the sensitivity and specificity of ICU and CCU codes in MedPAR. Second, some patients may have accrued more ICU days in other ICUs in the APACHE data, or during readmissions to ICU not captured in this analysis, limiting our ability to fully explore the discrepancy we found in ICU days between the datasets. Finally, it is possible that other administrative datasets may have different reliability of these codes; however, since most of these datasets rely on billing data, these findings may be applicable to other data sources, but this remains speculative.
In conclusion, MedPAR data contain robust information on hospital mortality for patients admitted to the ICU, but with limited ability to identify all patients who received MV during a critical illness. Estimates of use of MV in the United States should likely be revised upward. 
